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TRANSFORMER-COUPLED AMPLIFIER 

BACKGROUND OF THE INVENTION 

The present invention relates to an improvement of a 
transformer-coupled ampli?er using an AC signal transmis 
sion transformer in part of a signal path. 

Several methods are available to use a single-end drive 
signal source and drive an output stage through a signal 
transmission transformer. 

The ?rst method proposes a transformer driver circuit 
(hereinafter referred to as a Clarf scheme). In this driver 
circuit, a DC current is not ?oWed to the primary side of a 
coupling transformer (signal transmission transformer), and 
the primary side is indirectly AC-driven by a preampli?er 
element (e.g., a vacuum tube), and an output ampli?er 
element (e.g., a vacuum tube) excitation AC signal (AC 
voltage or current) is extracted from the secondary side of 
the coupling transformer. 

The second method proposes a transformer driver circuit 
(tentatively called a direct drive scheme). In this driver 
circuit, a DC current is ?oWed to the primary side of a 
coupling transformer-to cause a preampli?er element (e.g., a 
vacuum tube) to directly drive the primary side, and an 
output ampli?er element (e. g., a vacuum tube) excitation AC 
signal (AC voltage or current) is extracted from the second 
ary side of the coupling transformer. 

According to the Clarf scheme, the plate current of the 
pre-stage vacuum tube is AC-connected to the primary 
Winding of the coupling transformer through a coupling 
capacitor so as to prevent the plate current of the pre-stage 
vacuum tube from ?oWing to the primary Winding of the 
coupling transformer. With this arrangement, the coupling 
transformer is not DC-magnetiZed by the plate current of the 
pre-stage vacuum tube. A gap for preventing DC magnetic 
saturation need not be formed in the magnetic circuit 
(constituted by a high-permeability magnetic material such 
as a directional silicon steel plate or permalloy) of the 
coupling transformer. 
When a gap-free magnetic circuit is formed using a 

high-permeability magnetic material, the magnetic resis 
tance of the magnetic circuit becomes very loW, and a large 
primary inductance can be obtained even With a compact 
magnetic circuit and a small number of turns of the primary 
Winding. Since the relatively large primary inductance is 
obtained, a Wide-range transformer having a Wide transmis 
sion band Width can be obtained With the compact magnetic 
circuit and the Winding arrangement having a small number 
of turns (When the Winding arrangement becomes large, 
higher-frequency response characteristics tend to be 
degraded). 

Although the Clarf scheme has the above merits, a DC cut 
coupling capacitor must be inevitably inserted betWeen the 
pre-stage driver circuit and the primary Winding of the 
coupling transformer, and the folloWing problem is therefore 
posed. 
A series resonance circuit is formed by the coupling 

capacitor and the primary Winding inductance of the 
transformer, and a peak is undesirably formed on the loW 
frequency side. Although this loW-frequency peak 
(frequency response) can be apparently suppressed or 
damped by circuit design, the series resonance circuit Which 
causes the loW-frequency peak does not disappear, and the 
transient response near the resonance frequency (loW 
frequency peak point) tends to be degraded (the auditory 
in?uence of this transient response varies depending on the 
characteristics of a speaker system used). 
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2 
The primary side of the coupling transformer is driven 

through the coupling capacitor Whose impedance increases 
at loW frequencies, and loW-frequency energies are not 
suf?ciently transferred to the coupling transformer. As a 
result, an auditory strength tends not to be obtained in the 
loW- and intermediate-frequency components (the strength 
does not mean massiveness due to the loW-frequency peak). 

In the direct drive scheme, hoWever, since the coupling 
transformer is directly driven Without going through the 
coupling capacitor Whose impedance increases at loW fre 
quencies. The energies up to the loW-frequency energy can 
be suf?ciently transferred to the coupling transformer. As a 
result, an auditory strength can be obtained in the loW- and 
intermediate-frequency components. 

In the direct drive scheme, hoWever, the plate current of 
the pre-stage vacuum tube ?oWs in the primary Winding of 
the coupling transformer, and a gap must be formed in the 
magnetic circuit of the coupling transformer to prevent DC 
magnetic saturation. 
When the gap is formed in the magnetic circuit, the 

magnetic resistance of the magnetic circuit increases. It 
becomes dif?cult to assure a large primary inductance even 
With use of a large magnetic circuit. When the primary 
inductance is kept small, the loW-frequency response of the 
ampli?er including the coupling transformer is degraded. 
For this reason, a primary inductance having a value equal 
to or larger than a predetermined value is required (the 
loW-frequency response of the transformer is changed not 
only by the primary inductance but also by the impedance of 
a drive source, provided that the impedance of the drive 
source is assumed constant). To increase the primary 
inductance, the number of turns of the primary Winding of 
the coupling transformer inevitably increases, and the high 
frequency response of the coupling transformer tends to be 
degraded. 
To increase the primary inductance to a value equal to or 

larger than the predetermined value Without much increasing 
the number of turns of the primary Winding of the coupling 
transformer in the direct drive scheme, the core of a mag 
netic circuit Which has a large cross-section enough to 
cancel, to some extent, the magnetic resistance component 
caused by the gap is required. Therefore, the core of the 
coupling transformer becomes bulky. 

To obtain the Wide-band frequency response characteris 
tics equivalent to the Clarf scheme in the direct drive 
scheme, an advanced Winding technique is required to 
assure high-frequency characteristics, and at the same time, 
the coupling transformer itself becomes bulky and large in 
Weight to a considerably degree to assure loW-frequency 
characteristics. 

BRIEF SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
transformer-coupled ampli?er capable of improving ampli 
?er characteristics such as a frequency response Without 
increasing the siZe of the core of a magnetic circuit, by 
controlling the DC magnetiZed state of the core of the 
magnetic circuit of a coupling transformer (driver 
transformer) in the transformer-coupled ampli?er. 

In order to achieve the above object according to the ?rst 
aspect of the present invention, there is provided a 
transformer-coupled ampli?er comprising: a driver trans 
former in Which a primary Winding, a secondary Winding, 
and a tertiary Winding are Wound on a core of a magnetic 
circuit; a drive signal source for supplying an AC drive 
signal superposed With a drive-stage DC current to the 
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primary Winding of the driver transformer; output means for 
extracting, from the secondary Winding of the driver 
transformer, an AC signal corresponding to the AC drive 
signal supplied to the primary Winding of the driver 
transformer, and for amplifying the AC signal from the 
secondary Winding; and DC magnetiZation control means 
for supplying a predetermined magnetiZation control current 
to the tertiary Winding of the driver transformer so as to 
change a degree of DC magnetiZation of the core of the 
magnetic circuit of the driver transformer. 

This ampli?er is arranged such that the DC magnetiZed 
state of the core of the magnetic circuit of the driver 
transformer magnetiZed by the drive-stage DC current is 
changed by the magnetiZation control current so as to obtain 
a predetermined state. 

In order to achieve the above object according to the 
second aspect of the present invention, there is provided a 
transformer-coupled ampli?er comprising: a driver trans 
former in Which a primary Winding, a secondary Winding, 
and a tertiary Winding are Wound on a core of a magnetic 
circuit; a drive signal source for supplying an AC drive 
signal superposed With a drive-stage DC current to the 
primary Winding of the driver transformer; output means for 
extracting, from the secondary Winding of the driver 
transformer, an AC signal corresponding to the AC drive 
signal supplied to the primary Winding of the driver 
transformer, and for amplifying the AC signal from the 
secondary Winding; and DC magnetiZation control means 
for supplying a predetermined magnetiZation control current 
to the tertiary Winding of the driver transformer so as to 
change a degree of DC magnetiZation of the core of the 
magnetic circuit of the driver transformer, the DC magne 
tiZation control means having a predetermined internal 
impedance. 

In the above ampli?er, the DC magnetiZation control 
current is ?oWed to the tertiary Winding of the driver 
transformer so as to obtain a state in Which the degree of DC 
magnetiZation of the core of the magnetic circuit of the drive 
transformer is reduced. At the same time, the magnitude of 
the magnetiZation control current ?oWing in the tertiary 
Winding of the driver transformer and the internal imped 
ance of the DC magnetiZation control means are selected 
such that the ampli?er characteristics including the fre 
quency response characteristics of the primary and second 
ary Windings of the driver transformer are set to predeter 
mined characteristics. 

In order to achieve the above object according to the third 
aspect of the present invention, there is provided a 
transformer-coupled ampli?er comprising: a driver trans 
former in Which a primary Winding, a ?rst secondary 
Winding, a second secondary Winding, and a tertiary Winding 
are Wound on a core of a magnetic circuit; a drive signal 
source for supplying an AC drive signal superposed With a 
drive-stage DC current to the primary Winding of the driver 
transformer; ?rst output means for extracting, from the ?rst 
secondary Winding of the driver transformer, a ?rst AC 
signal corresponding to the AC drive signal supplied to the 
primary Winding of the driver transformer, and for ampli 
fying the ?rst AC signal from the ?rst secondary Winding; 
second output means for extracting, from the second sec 
ondary Winding of the driver transformer, a second AC 
signal having a phase opposite to that of the ?rst AC signal 
and corresponding to the AC drive signal supplied to the 
primary Winding of the driver transformer, and for ampli 
fying the second AC signal from the second secondary 
Winding; output synthesiZing means for synthesiZing and 
outputting a ?rst output from the ?rst output means which 
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4 
has ampli?ed the ?rst AC signal and a second output from 
the second output means Which has ampli?ed the second AC 
signal; and DC magnetiZation control means for providing a 
predetermined magnetiZation control current to the tertiary 
Winding of the driver transformer so as to change a degree 
of DC magnetiZation of the core of the magnetic circuit of 
the driver transformer. 
The above ampli?er is arranged such that the DC mag 

netiZed state of the core of the magnetic circuit of the driver 
transformer magnetiZed by the drive-stage DC current is 
changed by the magnetiZation control current so as to obtain 
a predetermined state. 

In order to achieve the above object according to the 
fourth aspect of the present invention, there is provided a 
transformer-coupled ampli?er comprising: a driver trans 
former in Which a primary Winding, a ?rst secondary 
Winding, a second secondary Winding, and a tertiary Winding 
are Wound on a core of a magnetic circuit; a drive signal 
source for supplying an AC drive signal superposed With a 
drive-stage DC current to the primary Winding of the driver 
transformer; ?rst output means for extracting, from the ?rst 
secondary Winding of the driver transformer, a ?rst AC 
signal corresponding to the AC drive signal supplied to the 
primary Winding of the driver transformer, and for ampli 
fying the ?rst AC signal from the ?rst secondary Winding; 
second output means for extracting, from the second sec 
ondary Winding of the driver transformer, a second AC 
signal having a phase opposite to that of the ?rst AC signal 
and corresponding to the AC drive signal supplied to the 
primary Winding of the driver transformer, and for ampli 
fying the second AC signal from the second secondary 
Winding; output synthesiZing means for synthesiZing and 
outputting a ?rst output from the ?rst output means Which 
has ampli?ed the ?rst AC signal and a second output from 
the second output means Which has ampli?ed the second AC 
signal; and DC magnetiZation control means for providing a 
predetermined magnetiZation control current to the tertiary 
Winding of the driver transformer so as to change a degree 
of DC magnetiZation of the core of the magnetic circuit of 
the driver transformer. 

In the above ampli?er, the DC magnetiZation control 
current is ?oWed to the tertiary Winding of the driver 
transformer so as to obtain a state in Which the degree of DC 
magnetiZation of the core of the magnetic circuit of the drive 
transformer is reduced. At the same time, the magnitude of 
the magnetiZation control current ?oWing in the tertiary 
Winding of the driver transformer and the internal imped 
ance of the DC magnetiZation control means are selected 
such that the ampli?er characteristics including the fre 
quency response characteristics of the primary and second 
ary Windings of the driver transformer are set to predeter 
mined characteristics. 

In order to achieve the above object according to the ?fth 
aspect of the present invention, there is provided a 
transformer-coupled ampli?er comprising: a driver trans 
former in Which a primary Winding, a secondary Winding, 
and a tertiary Winding are Wound on a core of a magnetic 
circuit; a drive signal source for supplying an AC drive 
signal superposed With a drive-stage DC current to the 
primary Winding of the driver transformer; output means for 
extracting, from the secondary Winding of the driver 
transformer, an AC signal corresponding to the AC drive 
signal supplied to the primary Winding of the driver 
transformer, and for amplifying the AC signal from the 
secondary Winding; bias means for supplying a DC bias 
current to the output means through the secondary Winding 
of the driver transformer in a direction to reduce a degree of 
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DC magnetization of the core of the magnetic circuit mag 
netiZed by the drive-stage DC current ?oWed in the primary 
Winding of the driver transformer; and DC magnetization 
control means for supplying a predetermined magnetiZation 
control current to the tertiary Winding of the driver trans 
former so as to change the degree of DC magnetiZation of 
the core of the magnetic circuit of the driver transformer. 

The above ampli?er is arranged such that the DC mag 
netiZed state of the core of the magnetic circuit of the driver 
transformer magnetiZed by the drive-stage DC current is 
changed by the magnetiZation control current and the DC 
bias current so as to obtain a predetermined. state. 

More speci?cally, according to the arrangement of the 
above ampli?er, the DC magnetiZed state of the magnetic 
circuit core Which remains upon reduction of DC magneti 
Zation of the core of the magnetic circuit magnetiZed by the 
drive-stage DC current is canceled or adjusted by the 
magnetiZation control current. 

In order to achieve the above object according to the sixth 
aspect of the present invention, there is provided a 
transformer-coupled ampli?er comprising: a driver trans 
former in Which a primary Winding, a secondary Winding, 
and a tertiary Winding are Wound on a core of a magnetic 
circuit; a drive signal source for supplying an AC drive 
signal superposed With a drive-stage DC current to the 
primary Winding of the driver transformer; output means for 
extracting, from the secondary Winding of the driver 
transformer, an AC signal corresponding to the AC drive 
signal supplied to the primary Winding of the driver 
transformer, and for amplifying the AC signal from the 
secondary Winding; bias means for supplying a DC bias 
current to the output means through the secondary Winding 
of the driver transformer in a direction to reduce a degree of 
DC magnetiZation of the core of the magnetic circuit mag 
netiZed by the drive-stage DC current ?oWed in the primary 
Winding of the driver transformer; and DC magnetiZation 
control means for supplying a predetermined magnetiZation 
control current to the tertiary Winding of the driver trans 
former so as to change the degree of DC magnetiZation of 
the core of the magnetic circuit of the driver transformer. 

In the above ampli?er, the magnitude of the magnetiZa 
tion control current ?oWing in the tertiary Winding of the 
driver transformer and the internal impedance of the DC 
magnetiZation control means are selected such that the 
ampli?er characteristics including the frequency response 
characteristics of the primary and secondary Windings of the 
driver transformer are set to predetermined characteristics. 

In order to achieve the above object according to the 
seventh aspect of the present invention, there is provided a 
transformer-coupled ampli?er comprising: a driver trans 
former in Which a primary Winding, a ?rst secondary 
Winding, a second secondary Winding, and a tertiary Winding 
are Wound on a core of a magnetic circuit; a drive signal 
source for supplying an AC drive signal superposed With a 
drive-stage DC current to the primary Winding of the driver 
transformer; ?rst output means for extracting, from the ?rst 
secondary Winding of the driver transformer, a ?rst AC 
signal corresponding to the AC drive signal supplied to the 
primary Winding of the driver transformer, and for ampli 
fying the ?rst AC signal from the ?rst secondary Winding; 
second output means for extracting, from the second sec 
ondary Winding of the driver transformer, a second AC 
signal having a phase opposite to the ?rst AC signal and 
corresponding to the AC drive signal supplied to the primary 
Winding of the driver transformer, and for amplifying the 
second AC signal from the second secondary winding; 
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6 
output synthesiZing means for synthesiZing and outputting a 
?rst output from the ?rst output means Which has ampli?ed 
the ?rst AC signal and a second output from the second 
output means Which has ampli?ed the second AC signal; 
bias means for supplying a ?rst DC bias current to the ?rst 
output means through the ?rst secondary Winding of the 
driver transformer and a second DC bias current to the 
second output means through the second secondary Winding 
of the driver transformer; and DC magnetiZation control 
means for providing a predetermined magnetiZation control 
current to the tertiary Winding of the driver transformer so as 
to change a degree of DC magnetiZation of the core of the 
magnetic circuit of the driver transformer. 
The above ampli?er is arranged such that the DC mag 

netiZed state of the core of the magnetic circuit of the driver 
transformer magnetiZed by the drive-stage DC current is 
changed by the magnetiZation control current so as to obtain 
a predetermined state. 

More speci?cally, DC magnetiZation of the core of the 
magnetic circuit by the drive-stage DC current, Which 
remains even after magnetiZation of the core of the magnetic 
circuit by the grid current of the ?rst poWer tube is canceled 
by the grid current of the second poWer tube, can be canceled 
by the magnetiZation control current. 

In order to achieve the above object according to the 
eighth aspect of the present invention, there is provided a 
transformer-coupled ampli?er comprising: a driver trans 
former in Which a primary Winding, a ?rst secondary 
Winding, a second secondary Winding, and a tertiary Winding 
are Wound on a core of a magnetic circuit; a drive signal 
source for supplying an AC drive signal superposed With a 
drive-stage DC current to the primary Winding of the driver 
transformer; ?rst output means for extracting, from the ?rst 
secondary Winding of the driver transformer, a ?rst AC 
signal corresponding to the AC drive signal supplied to the 
primary Winding of the driver transformer, and for ampli 
fying the ?rst AC signal from the ?rst secondary Winding; 
second output means for extracting, from the second sec 
ondary Winding of the driver transformer, a second AC 
signal having a phase opposite to the ?rst AC signal and 
corresponding to the AC drive signal supplied to the primary 
Winding of the driver transformer, and for amplifying the 
second AC signal from the second secondary Winding; 
output synthesiZing means for synthesiZing and outputting a 
?rst output from the ?rst output means Which has ampli?ed 
the ?rst AC signal and a second output from the second 
output means Which has ampli?ed the second AC signal; 
bias means for supplying a ?rst DC bias current to the ?rst 
output means through the ?rst secondary Winding of the 
driver transformer and a second DC bias current to the 
second output means through the second secondary Winding 
of the driver transformer; and DC magnetiZation control 
means for providing a predetermined magnetiZation control 
current to the tertiary Winding of the driver transformer so as 
to change a degree of DC magnetiZation of the core of the 
magnetic circuit of the driver transformer. 

In the above ampli?er, the magnitude of the magnetiZa 
tion control current ?oWing in the tertiary Winding of the 
driver transformer and the internal impedance of the DC 
magnetiZation control means are selected such that the 
ampli?er characteristics including the frequency response 
characteristics of the primary and secondary Windings of the 
driver transformer are set to predetermined characteristics. 

More speci?cally, DC magnetiZation of the core of the 
magnetic circuit by the drive-stage DC current, Which 
remains even after magnetiZation of the core of the magnetic 
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circuit by the grid current of the ?rst power tube is canceled 
by the grid current of the second power tube, can be canceled 
by the magnetization control current. At the same time, the 
frequency response characteristics of the ampli?er including 
the driver transformer can be adjusted by the poWer source 
impedance of the magnetiZation control current. 

Additional objects and advantages of the invention Will be 
set forth in the description Which folloWs, and in part Will be 
obvious from the description, or may be learned by practice 
of the invention. The objects and advantages of the invention 
may be realiZed and obtained by means of the instrumen 
talities and combinations particularly pointed out in the 
appended claims. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

The accompanying draWing, Which are incorporated in 
and constitutes a part of the speci?cation, illustrates pres 
ently preferred embodiments of the invention, and together 
With the general description given above and the detailed 
description of the preferred embodiments given beloW, 
serves to explain the principles of the invention. 

FIG. 1 is a circuit diagram shoWing the schematic 
arrangement of a transformer-coupled ampli?er (single 
ampli?er) according to an embodiment of the present inven 
tion; 

FIG. 2 is a circuit diagram for explaining a transformer 
coupled ampli?er (single ampli?er) in Which the output 
stage is constituted by a self-bias directly heated type triode 
vacuum tube (no grid current in the steady state) on the basis 
of the circuit shoWn in FIG. 1; 

FIG. 3 is a graph shoWing the relationship betWeen the 
output voltage of the ampli?er as a function of the Winding 
W3 excitation current (DC magnetiZation control current) in 
the transformer-coupled ampli?er in FIG. 2 When magneti 
Zation control Winding W3 of transformer 20 is excited by 
constant current source 50B in FIG. 1; 

FIG. 4 is a graph shoWing the relationship betWeen the 
distortion of the ampli?er as a function of the Winding W3 
excitation current (DC magnetiZation control current) in the 
transformer-coupled ampli?er in FIG. 2 When magnetiZation 
control Winding W3 of transformer 20 is excited by constant 
voltage source 50B in FIG. 1; 

FIG. 5 is a graph shoWing the relationship betWeen the 
output voltage of the ampli?er as a function of the Winding 
W3 excitation current (DC magnetiZation control current) in 
the transformer-coupled ampli?er in FIG. 2 When magneti 
Zation control Winding W3 of transformer 20 is excited by 
constant voltage source 50A in FIG. 1; 

FIG. 6 is a graph shoWing the relationship betWeen the 
distortion of the ampli?er as a function of the Winding W3 
excitation current (DC magnetiZation control current) in the 
transformer-coupled ampli?er in FIG. 2 When magnetiZation 
control Winding W3 of transformer 20 is excited by constant 
current source 50A in FIG. 1; 

FIG. 7 is a graph shoWing an output voltage frequency 
response (thick solid line) With cancellation of DC magne 
tiZation of transformer 20 by constant voltage source 50A, 
an output voltage frequency response (thick broken line) 
With cancellation of DC magnetiZation of transformer 20 by 
constant current source 50B, and an output voltage fre 
quency response (thin solid line) Without cancellation of DC 
magnetiZation of transformer 20 in the transformer-coupled 
ampli?er in FIG. 2; 

FIG. 8 is a circuit diagram for explaining a transformer 
coupled ampli?er (single ampli?er) in Which the output 
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8 
stage is constituted by a ?xed positive bias directly heated 
type triode vacuum tube (a grid current ?oWs to cancel DC 
magnetiZation of transformer 20 in the steady state) on the 
basis of the circuit shoWn in FIG. 1; 

FIG. 9 is a circuit diagram for explaining a transformer 
coupled ampli?er (push-pull ampli?er) in Which the output 
stage is constituted by a pair of self-bias directly heated type 
triode vacuum tubes (no grid current in the steady state) on 
the basis of the circuit shoWn in FIG. 1; 

FIG. 10 is a circuit diagram for explaining a transformer 
coupled ampli?er (push-pull ampli?er) in Which the output 
stage is constituted by a pair of ?xed positive bias directly 
heated type triode vacuum tubes (a grid current ?oWs in the 
steady state) on the basis of the circuit shoWn in FIG. 1; 

FIG. 11 is a circuit diagram for explaining a transformer 
coupled ampli?er (single ampli?er With cathode NF) in 
Which the output stage is constituted by a self-bias indirectly 
heated type multi-grids vacuum tube such as a beam tetrode 
or a pentode (no grid current in the steady state) on the basis 
of the circuit shoWn in FIG. 1; 

FIG. 12 is a circuit diagram for explaining a transformer 
coupled ampli?er in Which the output stage is constituted by 
a single-end push-pull (SEPP) bipolar transistor (a base 
current ?oWs in the steady state) on the basis of the circuit 
shoWn in FIG. 1; 

FIG. 13 is a circuit diagram for explaining a transformer 
coupled ampli?er in Which the output stage is constituted by 
a single-end push-pull (SEPP) MOSFET transistor (no gate 
current in the steady state) on the basis of the circuit shoWn 
in FIG. 1; and 

FIG. 14 is a circuit diagram for explaining a transformer 
coupled ampli?er in Which the output stage is constituted by 
bridge-connected (or BTL-connected) push-pull (SEPP) 
MOSFET transistors (no gate current in the steady state) as 
a modi?cation of FIG. 13. 

DETAILED DESCRIPTION OF THE 
INVENTION 

A transformer-coupled ampli?er according to an embodi 
ment of the present invention Will be described With refer 
ence to the accompanying draWings. The same reference 
numerals denote the same parts and functions throughout a 
plurality of draWings. 

FIG. 1 is a circuit diagram for explaining the schematic 
arrangement of the transformer-coupled ampli?er (single 
ampli?er) according to an embodiment of the present inven 
tion. 
One terminal of drive signal source 10 for generating an 

AC drive signal superposed With DC current i10 (or i01) is 
connected to the hot side (black dot mark) of primary 
Winding W1 of driver transformer (coupling transformer) 
20. The other terminal of signal source 10 is connected to the 
cold side of driver transformer 20 through driver poWer 
source 1 (or driver poWer source 2). 
When poWer tube 30 is a positive grid bias tube, the hot 

side (black dot mark) of secondary Winding W2 of driver 
transformer 20 is connected to positive bias source VC+, and 
the cold side of secondary Winding W2 of transformer 20 is 
connected to control grid g of poWer tube 30. In this case, 
grid current i20 of poWer tube 30 ?oWs from positive bias 
source VC+ in a direction of an arroW indicated by a solid 
line. A degree of DC magnetiZation of core MC of the 
magnetic circuit of transformer 20 by primary Winding 
current i10 of transformer 20 is reduced or canceled by grid 
current i20 of poWer tube 30. 
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The primary side of transformer 20 is connected to driver 
power source 2. When primary Winding current i01 ?oWs in 
a direction of an arroW indicated by a broken line, the 
secondary Winding of transformer 20 is changed indicated 
by a broken line to reduce or cancel DC magnetization of 
core MC of the magnetic circuit of transformer 20 so as to 
How secondary current i02 of transformer 20 in the direction 
of the arroW indicated by the broken line. 
When poWer tube 30 is a negative grid bias tube, the hot 

side (black dot mark) of secondary Winding WE2 of driver 
transformer 20 is connected to negative bias source VC—, 
and the cold side of secondary Winding W2 of secondary 
Winding W2 of transformer 20 is connected to control grid 
g of poWer tube 30. No grid current ?oWs When poWer tube 
30 is normal. Therefore, DC magnetiZation of core MC of 
the magnetic circuit of transformer 20 by primary Winding 
current i10 of transformer 20 remains. 
When the secondary Winding of transformer 20 is con 

nected as indicated by the solid line (opposite-phase 
connection), the AC component of drive signal source 10 
Which has passed through transformer 20 is phase-inverted 
and transmitted to grid g of poWer tube 30. When the 
secondary Winding of transformer 20, hoWever, is connected 
as indicated by the broken line (in-phase connection), the 
AC component of drive signal source 10 Which has passed 
through transformer 20 is transmitted in phase to grid g of 
poWer tube 30. 
When a secondary distortion having a phase opposite to 

that of poWer tube 30 is generated by drive signal source 10, 
the secondary distortion cancellation (reduction) action of 
poWer tube 30 is obtained by the above in-phase connection. 
When a secondary distortion in phase With poWer tube 30 is 
generated by drive signal source 10, the secondary distortion 
cancellation (reduction) action of poWer tube 30 is obtained 
by the above opposite-phase connection. 

Plate p of poWer tube 30 is connected to the positive side 
of poWer source VB+ of the poWer tube through load 40, and 
cathode k of poWer tube 30 is connected to the negative side 
of poWer source VB+. 

Driver transformer 20 in FIG. 1 also has a tertiary 
Winding, i.e., magnetiZation control Winding W3 for con 
trolling a DC magnetiZed state of core MC of the magnetic 
circuit. 

The hot side (black dot mark) of magnetiZation control 
Winding W3 is connected to the positive side of DC mag 
netiZation control poWer source 50, and the cold side of 
Winding W3 is connected to the negative side of source 50. 
Current i30 ?oWs in Winding W3 in a direction of an arroW 
indicated by a solid line. Therefore, DC magnetiZation of 
core MC by primary Winding current i10 can be reduced or 
canceled by magnetiZation control Winding current i30. 
When DC magnetiZation (1) of core MC by primary 

Winding current i10 (arroW indicated by the solid line) is 
stronger than DC magnetiZation (2) of core MC by second 
ary Winding current i20 (arroW indicated by the solid line) 
(e.g., When the number of turns of Winding W1 is equal to 
that of Winding W2, and secondary current i20 of 20 mA 
?oWs at primary current i10 of 10 mA), magnetiZation 
control Winding current i03 indicated by the arroW of the 
broken line may be ?oWed in magnetiZation control Winding 
W3 to reduce or cancel DC magnetiZation of core MC (e.g., 
When the numbers of turns of Windings W1, W2, and W3 are 
equal to each other, and secondary current i20 of 20 mA is 
obtained at primary current i10 of 10 mA, magnetiZation 
control Winding current i03 of 10 mA is ?oWed). 

The internal impedance of DC magnetiZation control 
poWer source 50 connected to magnetiZation control Wind 

10 

15 

25 

35 

45 

55 

65 

10 
ing W3 serves as a load for drive signal source 10 through 
transformer 20. The magnitude of the secondary Winding 
output voltage and its secondary distortion of transformer 20 
change depending on the magnitude of this load (magnitude 
of the load impedance). Therefore, not only the magnitude 
and direction of magnetiZation control Winding current i30 
(or i03) ?oWing through magnetiZation control Winding W3 
but also the magnitude of the internal impedance of DC 
magnetiZation control poWer source 50 has a signi?cant 
meaning. 
To set a relatively loW internal impedance of DC mag 

netiZation control poWer source 50 (e.g., several kQ to 
several tens of k9), constant voltage source 50A With Which 
variable resistor (several kQ to several tens of k9) VR50A 
is connected in series can be used. Since the internal 
impedance of constant voltage source 50A is very loW, the 
load impedance for magnetiZation control Winding W3 is 
determined by the value of variable resistor VR50A. The 
magnitude of magnetiZation control Winding current i30 (or 
i03) Which is obtained upon determination of the value of 
variable resistor VR50A can be arbitrarily set by adjusting 
the output voltage of poWer source 50A. 
To set the internal impedance of DC magnetiZation con 

trol poWer source 50 to a relatively large value (e.g., several 
tens of k9 to several hundreds of k9), constant current 
source 50B connected in parallel With variable resistor 
(several tens of k9 to several hundreds of k9) VR50B is 
used (to set Winding W3 in an AC open state, parallel resistor 
VR50B is removed). Since the internal impedance of con 
stant voltage source 50A is very high, the load impedance 
for magnetiZation control Winding W3 is determined by the 
value of variable resistor VR50B. The magnitude of mag 
netiZation control Winding current i30 upon determination of 
the value (load impedance for Winding W3) of variable 
resistor VR50A can be arbitrarily set by adjusting the output 
current of current source 50B. 

FIG. 2 shoWs a transformer-coupled ampli?er (single 
ampli?er) in Which the output stage is constituted by a 
self-bias directly heated type triode vacuum tube (300B 
available from Western Electric, USA. or its equivalent) on 
the basis-of the circuit in FIG. 1. In this case, a 5L6GC beam 
tube having triode connection is used as drive signal source 
or driver tube 10, and a speaker (not shoWn) connected 
through single output transformer OPT 40 is used as load 40. 
More speci?cally, the ?rst grid of driver tube 10 is 

grounded through grid resistor Rgl, and an external signal 
input is applied across this grid resistor Rgl. The cathode of 
driver tube 10 is grounded through cathode resistor Rkl. 
Cathode bypass capacitor Ck1 is connected in parallel With 
this resistor Rkl, and the cathode of driver tube 10 is 
AC-grounded. The screen grid of driver tube 10 is connected 
to the plate of driver tube 10 through screen resistor Rsgl. 
The plate of driver tube 10 is connected to poWer source 1 
of the driver (e.g., +270 V) through primary Winding W1 of 
driver transformer 20 (the cold side of Winding W1 is 
connected to the plate of driver tube 10). The operation bias 
of driver tube 10 is given by a voltage drop of the sum 
(primary current i10 of transformer 20) of the plate current 
?oWing through cathode resistor Rkl and the screen grid 
current. 

The hot side of secondary Winding W2 of driver trans 
former 20 is connected to the control grid of poWer tube 
(300B) 30, and the cold side of secondary Winding W2 is 
grounded. PoWer source VB+ (e.g., +450 V) of the poWer 
tube is applied to the plate of poWer tube 30 through the 
primary Winding of output transformer OPT 40. A speaker 
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having an impedance of about 4 Q to 16 Q is connected to 
the secondary Winding of output transformer OPT 40. Hum 
balancer VRF is connected across the ?lament of poWer tube 
30. The slidable terminal of hum balancer VRF is grounded 
through self-bias resistor Rk2. Bypass capacitor Ck2 is 
connected in parallel With this resistor Rk2, and the ?lament 
of poWer tube 30 is AC-grounded. 

The ?lament of poWer tube 30 is DC-ignited at 5 Vdc or 
AC-ignited at 5 Vac. In AC ignition, ?lament hum noise 
tends to be generated in the secondary output of output 
transformer OPT 40. Hum balancer VRF is ?nely adjusted 
to be set to the minimum point of hum noise. In DC ignition, 
hum noise is small even if hum balancer VRF is not ?nely 
adjusted. If a ripple is included in ?lament DC ignition 
voltage of 5 Vcd, hum balancer VRF is ?nely adjusted to 
minimiZe residual noise caused by this ripple. 
DC ignition of poWer tube 30 is not limited to 5-Vdc 

constant voltage ignition. If the rated ?lament current of 
poWer tube 30 is 1.2 A, the ?lament may be ignited With the 
constant current of 1.2 Adc. In constant current ignition, 
When a current shunted into ?lament resistor VRF is, e.g., 
100 mA, the constant current output must be 1.3 A, Which 
is the sum of the ?lament current and the shunt component. 

The hot side of tertiary Winding (magnetiZation control 
Winding) W3 of driver transformer 20 is grounded, and the 
cold side of transformer 20 is connected to the positive 
terminal of constant voltage source 50A through variable 
resistor VR50A. The negative terminal of poWer source 50A 
is grounded. 

In the above arrangement, since grid current i20 of poWer 
tube 30 is regarded as Zero in the steady state, DC magne 
tiZation of core MC of the magnetic circuit of driver trans 
former 20 cannot be canceled by current i20. DC magneti 
Zation of core MC of the magnetic circuit of transformer 20 
magnetiZed by driver tube plate current i10 can be canceled 
by ?oWing appropriate current i30 to tertiary Winding 
(magnetiZation control Winding) W3. 
When the ratio of the numbers of turns of Windings W1, 

W2, and W3 of transformer 20 is given by 1:3:1, and driver 
tube plate current i10 is given as 14 mA, magnetiZation 
control current i30 of 14 mA is ?oWed to Winding W3 in a 
direction indicated by an arroW in FIG. 2 to alloW cancel 
lation of DC magnetiZation of core MC of transformer 20. 
In this case, if current i30 is limited to 10 mA, 4-mA DC 
magnetiZation of driver tube current (14 mA) i10 can be 
intentionally left. On the other hand, if current i30 is set at 
20 mA, a magnetiZed state (6 mA in Winding W3) opposite 
to DC magnetiZation caused by driver tube current (14 mA) 
i10 can be intentionally set. 

The load impedance connected to Winding W3 can be 
determined by resistor VR50A. Assume that the resistance 
of resistor VR50A is set to 4.7 kQ, that the DC resistance of 
Winding W3 is set to 220 Q, and that magnetiZation control 
current i30 of 10 mA is ?oWed to Winding W3. In this case, 
a voltage of +49.2 V is output from constant voltage source 
50A. When magnetiZation control current i30 of 20 mA is 
?oWed to Winding W3, a voltage output of +98.4 V is 
required for constant voltage source 50A. 

That is, after the predetermined magnitude of an AC load 
for driver tube 10 is given by resistor VR50A, the output 
voltage of poWer source 50A is so determined as to How 
predetermined magnetiZation control current (magnetiZation 
cancellation current for the transformer core) i30 to Winding 
W3 through resistor VR50A. 

Alternatively, When the output voltage of constant voltage 
source 50A is ?Xed to, e.g., +50 V, and the resistance of 
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12 
variable resistor VR50A is adjusted betWeen 2,280 Q and 
9,780 Q (in this case, When the DC resistance of 220 Q of 
Winding W3 is added to the resistance of variable resistor 
VR50A, the resistance changes betWeen 2.5 kQ and 10 k9), 
magnetiZation control current can be arbitrarily adjusted 
betWeen 20 mA and 5 mA. 
When this adjustment method is employed, both the 

magnitude of magnetiZation control current i30 and the 
magnitude of the load impedance for driver tube 10 change. 
Achange in auditory sound quality of the entire ampli?er in 
FIG. 2 occurs due to a change in state of DC magnetiZation 
cancellation of transformer core MC and a change in load 
impedance for driver tube 10. To avoid the sound quality 
change caused by the change in load impedance for driver 
tube 10, the resistance of resistor VR50A is ?Xed, and only 
the output voltage of constant voltage source 50A is 
changed. 
The resistance of resistor VR50A and the magnitude of 

current i30 are appropriately changed in accordance With the 
measurement result of electrical characteristics (e.g., distor 
tion and frequency characteristics) and the listening result 
after the poWer ampli?er in FIG. 2 is ?nished. 
Assume that driver tube current i10 of 25 mA ?oWs in 

primary Winding W1 When the primary DC current of 
transformer 20 is alloWed up to 25 mA (transformer core MC 
has a level loWer than the magnetic saturation level up to 25 
mA). In this case, magnetiZation control current i30 of 25 
mA need not necessarily be ?oWed to cancel DC magneti 
Zation of transformer core MC. The optimal points of 
distortion and frequency characteristics do not alWays coin 
cide With the auditory optimal point. A suf?cient sound 
quality improvement effect may be obtained even at mag 
netiZation control current i30 of 3 mA to 3.5 mA. 
The single ampli?er circuit in FIG. 2 is not limited to a 

poWer tube having a relatively deep bias, like a 300B tube 
even if the tube is a similar negative bias directly heated type 
triode vacuum tube. The circuit in FIG. 2 can be applied 
even if the poWer tube is constituted by a large tube (e.g., 
DA30 or 845) having a deep bias in an actual operation, 
provided that the resistance of bias resistor Rk2 is appro 
priately selected. In addition, the circuit in FIG. 2 can also 
be applied to a poWer tube (e.g., PX25 or 211) having a 
shalloWer bias. 

FIG. 3 is a graph for eXplaining the output voltage (i.e., 
the output voltage at the speaker terminal) of the ampli?er 
as a function of Winding W3 excitation current (DC mag 
netiZation control current) i30 (or i03 in FIG. 1) in the 
transformer-coupled ampli?er in FIG. 2 When magnetiZation 
control Winding W3 of transformer 20 is excited With 
constant current source 50B in FIG. 1 (the current value With 
a negative sign along the abscissa in each of FIGS. 3 and 4 
represents current i30 indicated by the arroW of the solid line 
in FIG. 1, and the current value With a positive sign along the 
abscissa represents current i03 indicated by the arroW of the 
broken line in FIG. 1). 
As shoWn in FIG. 3, When DC magnetiZation of the 

transformer core is reduced With current i30 from constant 
current source 50B having a high internal impedance, the 
output increases With an increase in current i30 up to 
i30=—14 mA at Which the DC magnetiZed state is almost 
canceled. The output gradually decreases With an increase in 
current i03 in a direction to increase DC magnetiZation of 
the transformer core. The change in output stops at a 
saturation current (i03 of about 10 mA or more) of core MC. 

FIG. 4 is a graph for eXplaining the distortion of the 
ampli?er as a function of the Winding W3 excitation current 
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(DC magnetization control current) in the transformer 
coupled ampli?er in FIG. 2 When magnetization control 
Winding W3 of transformer 20 is excited With constant 
current source 50B in FIG. 1. The abscissa in FIG. 4 
corresponds to that in FIG. 3. 

In comparison betWeen FIGS. 3 and 4, the output 
becomes maximum and the distortion becomes minimum 
(DC magnetization control poWer source 50 is of a constant 
current type) at current i30=—14 mA obtained When DC 
magnetization of core MC of transformer 20 is almost 
canceled. 
More speci?cally, When DC magnetization control poWer 

source 50 is constituted by constant current source 50B (the 
internal impedance of the poWer source is relatively high), 
area (impressive area of reducing distortion) THDx in Which 
distortion reduction is particularly impressive in the ampli 
?er as a Whole is obtained (note that the distortion reduction 
effect may not be typically observed as compared With the 
case in FIG. 4, depending on the characteristics of drive 
signal source 10; this distortion reduction effect is not 
observed by means of only driver transformer 20, but is also 
associated With the internal impedance and nonlinearity of 
drive signal source 10). 

The values and the shapes of curves in the graphs of FIGS. 
3 and 4 change depending on the detailed constituent 
components and an operating point of an ampli?er to be 
tested. Qualitatively, the optimal distortion and output level 
points (i.e., impressive area THDx of reducing distortion) 
are present near the DC magnetization cancellation point of 
the core of transformer 20. To intentionally generate a 
certain degree of distortion, current i30 having the magni 
tude offset from the DC magnetization cancellation point of 
the core of transformer 20 may be employed. 

FIG. 5 is a graph for explaining the output voltage of the 
ampli?er as a function of the Winding W3 excitation current 
(DC magnetization control current) in the transformer 
coupled ampli?er in FIG. 2 When magnetization control 
Winding W3 of transformer 20 is excited With constant 
voltage source 50A in FIG. 1. 
As shoWn in FIG. 5, When DC magnetization of the 

transformer core is reduced With current i30 from constant 
voltage source 50A having a relatively loW internal 
impedance, the output increases With an increase in current 
i30 up to i30=—10 mA at Which the DC magnetized state is 
reduced. When current i03 in a direction to increase DC 
magnetization of the transformer core increases, the output 
gradually decreases. 

In FIG. 5, the maximum value of DC magnetization 
control current (i30 or i03) is set to 10 mA in association 
With the maximum output voltage of constant voltage source 
50A used in the test (When the resistance of resistor VR50A, 
the DC resistance of Winding W3, and the continuous 
variable output voltage of constant voltage source 50A are 
set to 4.7 kQ, 220 Q, and 0 V to 50 V, respectively, the 
maximum value of test current i30 or i03 Which can be 
supplied to Winding W3 is about 10 mA). When the maxi 
mum output voltage of constant voltage source 50A, 
hoWever, has a suf?cient margin, the DC magnetization 
control current (i30 or i03) of 10 mA or more can be ?oWed. 

FIG. 6 is a graph for explaining the output distortion of the 
ampli?er as a function of the Winding W3 excitation current 
(DC magnetization control current) in the transformer 
coupled ampli?er in FIG. 2 When magnetization control 
Winding W3 of transformer 20 is excited With constant 
voltage source 50A in FIG. 1. The abscissa in FIG. 6 
corresponds to that of FIG. 5. 
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When the Winding W3 excitation current is extracted from 

constant voltage source 50A having a relatively loW internal 
impedance, impressive area THDx of reducing distortion in 
FIG. 4 cannot be observed Within the test current range (—10 
mA to +10 mA). When the test current is increased to about 
—15 mA, it is possible to observe an impressive area of 
reducing distortion like area THDx in FIG. 4. 

In comparison betWeen FIGS. 4 and 6, When the ampli?er 
in FIG. 2 is used as a test ampli?er, the distortion in use of 
constant voltage source 50B is slightly loWer than that in use 
of constant current source 50A. In embodiments from FIG. 
8, constant voltage source 50B is used to cancel DC mag 
netization of core MC of transformer 20. This does not 
indicate that constant current source 50A is of no use. A 
better auditory result may be obtained not in use of constant 
voltage source 50B but in use of constant current source 50A 
depending on a change in circuit operation point With the 
circuit arrangement and constituent parts being kept 
unchanged, or depending on a combined speaker system in 
some embodiments. 

FIG. 7 is a graph shoWing an output voltage frequency 
response (thick solid line) With cancellation of DC magne 
tization of transformer 20 by constant voltage source 50A, 
an output voltage frequency response (thick broken line) 
With cancellation of DC magnetization of transformer 20 by 
constant current source 50B, and an output voltage fre 
quency response (thin solid line) Without cancellation of DC 
magnetization of transformer 20 in the transformer-coupled 
ampli?er in FIG. 2. This frequency response represents the 
induction voltage of secondary Winding W2 of transformer 
20 With respect to the grid signal input of driver tube 10. 
Transformer 20 has the ratio of the numbers of turns of 
Windings W1, W2, and W3 as 113:1. 
When DC magnetization of core MC of the magnetic 

circuit of transformer 20 is left unchanged (i30=0), the 
inductance of primary Winding W1 of transformer 20 greatly 
decreases because the effective permeability of core MC is 
greatly decreased due to magnetic saturation. The loW 
frequency response is greatly degraded (if the voltage 
response at 1 kHz is de?ned as 0 dB, the response decreases 
—15 dB at 40 Hz). 
When DC magnetization of core MC of the magnetic 

circuit of transformer 20 is canceled by constant current 
source 50A in FIG. 1 (i30=i10), the effective permeability of 
core MC increases due to the absence of magnetic saturation 
of core MC, and the inductance of primary Winding W1 of 
transformer 20 is sufficiently assured. The loW-frequency 
response can be typically improved (if the voltage response 
at 1 kHz is de?ned as 0 dB, the response deceases about —5 
dB at 40 Hz, Which is improved by 10 dB as compared With 
the response Without magnetic saturation cancellation). 
When DC magnetization of magnetic circuit core MC of 

transformer 20 is canceled by constant voltage source 50B 
in FIG. 1 (i30=i10), the effective permeability of core MC 
increases due to the absence of magnetic saturation of core 
MC, and the inductance of primary Winding W1 of trans 
former 20 is suf?ciently assured. Winding W3 is dumped by 
the relatively loW internal impedance (e.g., VR50A=1 kQ) 
of constant voltage source 50B, the relative loW-frequency 
response can be typically improved although the 
intermediate-frequency (100 Hz to 10 kHz) level is loWered. 

This loW-frequency response improvement effect Will be 
described in detail. Avoltage response at 1 kHz is de?ned as 
0 dB, the response becomes about —2 dB at 40 Hz. The 
response is improved by 13 dB as compared With the 
response Without magnetic saturation cancellation. In com 




























